The activity of porphobilinogen deaminase was measured in young and senescent or mature leaves of pepper (Capsicum annuum), and poinsettia (Euphorbia pulchemima). Whereas high activity was found in the crude extracts of the young leaves, almost no activity was found in the extracts of senescent or mature leaves. The MATERIALS AND METHODS PBG was obtained by synthesis (9). All other reagents were commercial products of analytical grade. All of the solvents used were previously purified and distilled. DEAE-cellulose was obtained from Eastman Kodak and used after treatment by the method of Peterson and Sober (14).
Porphyrins are made in nature by the enzymic polymerization of porphobilinogen. The substrate (PBG)2 is consumed by a PBG deaminase which forms uroporphyrinogen I (3) . In the presence of a second enzyme, uroporphyrinogen III cosynthase, uroporphyrinogen I is not formed and uroporphyrinogen III is formed (3) . The latter is the precursor of heme (I 1), Chl (I1), and cobyrinic acid (10) . The cosynthase is not a substrate-consuming enzyme; it only changes the mode of PBG polymerization and directs it toward the formation of uroporphyrinogen III (8) . It is generally accepted that in heme metabolism, a major regulatory control of the pathway is exerted at the level of 5-aminolevulinic acid synthase (16), an enzyme in the pathway to PBG. In higher plants, however, 5-aminolevulinic synthase is absent, since 5-aminolevulinic acid is formed by a different route (2) . Hence, Chl biosynthesis must be regulated at a different stage of the pathway, and PBG deaminase appeared to us as suited for this purpose. Chl is one of the pigments whose concentration is taken as an indication of senescence. One of the most accepted criteria of senescence is that it is closely associated with Chl disappearance, a process of a yet unknown mechanism. We tried to find out if there is a correlation between PBG deaminase activity and the position of the leaves in plants of pepper MATERIALS AND METHODS PBG was obtained by synthesis (9) . All other reagents were commercial products of analytical grade. All of the solvents used were previously purified and distilled. DEAE-cellulose was obtained from Eastman Kodak and used after treatment by the method of Peterson and Sober (14) .
Plant Material. Leaves from C. annuum L., grown either in a greenhouse or in the field, were collected. Leaves from E. pulcherrima Willd. grown in a garden were harvested in the morning and used within 30 min. When C. annuum leaves were used, the first and second leaves starting from the apex were called young leaves, and the first three leaves from the bottom upward were called senescent leaves. Equivalent leaves from several plants were used. None of the leaves were yellowing yet. Equivalent leaves from fruiting plants were also used. When E. pulcherrima leaves were used, the first and the second leaves from the top downward (small size and light green), were collected and called young leaves. The fourth and fifth leaves from the top downward (large size and dark green) were collected and called mature leaves. Equivalent leaves from several branches of the same tree were used.
Enzyme Preparation. The deribbed leaves were cut into small pieces, and thoroughly ground with a pestle in an ice-cold mortar until no fibrous residue was left. The grinding medium (3 ml/g fresh weight) consisted of a 10 mm Tris-HCl buffer solution (pH 7.4) and sand. The homogenate was filtered through several layers of nylon cloth, and centrifuged at 20,000 g for 15 min. All operations were performed at 4 C. The supernatant was used as enzyme source either for direct activity measurements, or for further enzyme purifications. No improvement of the PBG deaminase activity was found when the above mentioned grinding medium was supplemented with either 5 mm mercaptoethanol, PVP (5%, w/v) or nicotine (0.1%, v/v). Protein was estimated by the method of Lowry (13), and Chl concentration by the method of Arnon (1) .
PBG Deaminase and Uroporphyrinogen III Cosynthase Assay. Unless otherwise indicated, the incubation mixture contained, in a final volume of 150 ,ul: 15 ,umol phosphate buffer (pH 7.4), 13 nmol of PBG, and enzyme. When uroporphyrinogen III cosynthase was assayed, purified wheat germ PBG deaminase was added to the incubation mixture in order to form 0.7 to 1.0 nmol total uroporphyrin. Incubations were usually run at 37 C for 60 min; blanks omitting either enzyme or substrate were simultaneously run. PBG deaminase was assayed by either substrate (PBG) consumption, or product (uroporphyrinogen) formation. PBG was measured with Ehrlich's reagent (2% w/v p-dimethylaminobenzaldehyde in glacial acetic acid-HC104 (84:16, v/v) at 552 nm (6) . Uroporphyrinogens were estimated as uroporphyrins as described elsewhere (6) . Uroporphyrin isomers were estimated by the method of Falk and Benson (5) .
RESULTS
Effect of Aging and Fruiting on PBG Deaminase Activity. The effect of senescence or maturation on the activity of PBG deami-PORPHOBILINOGEN DEAMINASE IN SENESCENCE nase in leaves of C. annuum and E. pulcherrima can be seen in Table I . In both, the highest activity was found in the young leaves. Almost no activity was detected in the crude extracts of the senescent leaves of C. annuum, and very low activity was found in the mature leaves of E. pulcherrima. The total amount of Chl and proteins was the same in the young and in the senescent or mature leaves. Fruiting also decreased the activity of deaminase in C. annuum (Table I ). The activity of PBG deaminase was higher in the extracts of E. pulcherrima.
To eliminate the possibility that the observed decrease in the deaminase activity in the older leaves was due to the presence of an inhibitor or to a masking substance, the extracts of the senescent leaves were incubated together with those of the young leaves. No meaningful inhibition in the PBG deaminase activity of the young leaves was detected. To confirm that the decrease in the deaminase activity was due to the aging process, a purification of the enzyme was carried out. It was known from previous work (6) that wheat germ PBG deaminase was eluted with 0.2 M NaCl from a DEAEcellulose column. The leaf enzyme behaved in an analogous manner, and a typical elution profile from C. annuum young leaves is depicted in Figure 1 . All of the PBG deaminase activity was eluted with 0.2 M NaCl, as was the cause with the wheat germ enzyme (6) .
The four crude leaf extracts of C. annuum obtained at the different physiological conditions (Table I) , were purified following the procedure described above. The results (Fig. 2) indicate a very low deaminase activity in the senescent and fruiting leaves. In order to detect the activity in the senescent leaves, the incubations had to be carried out for 2 h at 42 C. The amount of protein eluted with 0.2 M NaCl was lower in the young leaves than in those of C. annuum, as calculated per g fresh leaf weight, or per mg protein.
When the leaves of C. annuum grown in the field were examined, the activity of the deaminase in the younger leaves was found to be 70%o higher than the activity obtained from those grown in the greenhouse. The activity in the senescent leaves of the field-grown plants was also higher, and amounted to about 10% of the activity of the young leaves (compare with E. pulcherrima results in Table   I ).
All five leaves of a young C. annuum plantula were found to have a good activity of the deaminase, but the first leaf from the top was found to have the highest activity. The addition of either Crude extract (7 ml) prepared as described under "Materials and Methods" was applied on a DEAE-cellulose column (2 x 18 cm), and eluted stepwise. Fractions of 5 ml were collected. Activity was assayed as described, using 100 ILI of enzyme. Incubations were carried out at 37 C for 60 min. Figure I is shown. Crude extracts (7 ml) were applied on DEAE-cellulose columns (2 x 18 cm) and fractions of 7 ml were collected. Columns were eluted with 0.01 M Tris-HCl followed by the same buffer plus increasing concentrations of NaCl (0.05, 0.1, and 0.2 M). Incubations were carried out with 100 ul of enzyme for 2 h at 42 C. Activity was expressed as uroporphyrin formed/ml of enzyme h. nicotine or PVP to the poinsettia extracts was without effect on the deaminase determinations. Since PVP interfered with uroporphyrin determinations, most of the preparations were made without additions.
The activity uroprophyrinogen III cosynthase in the young and senescent leaves of C. annuum was the same. When the crude extracts of the senescent leaves were supplemented with wheat germ deaminase, they formed the same amount of uroporphyrinogen III as the young leaves.
Properties of Pepper Leaf PBG Deaminase. The activity of PBG-deaminase from the young leaves of pepper increased with time and enzyme concentration. The increase with time was linear up to 30 min and was followed by a rate enhancement (Fig. 3) . The enzymic activity increased with temperature as was the case with the deaminase of other origins (6) . At 25 C its activity was 48% of the activity at 37 C (4.5 nmol of PBG consumed under the assay conditions), while at 45 C its activity was 168% ofthe activity at 37 C. A Km of 6.6 AM was calculated for uroporphyrinogen formation.
A typical pH optimum curve is shown in Figure 4 . Within the same pH range, the activity peaks were strongly dependent on the buffer used. These variations were not observed with the wheat germ enzyme, although the activities of both the pepper leaf and wheat germ deaminase were similar.
DISCUSSION
There is a negative correlation between the activity of PBG deaminase and the age of the leaf. Deaminase activity is highest in the young leaves. After Chl formation reaches a maximum, the activity of deaminase strongly decreases. The disappearance of deaminase activity is not due to the presence of an inhibitor which could be removed by a DEAE-cellulose purification or by Seph- adex G-100 filtration. The addition of mercaptoethanol, nicotine, or PVP to the enzymic preparation had no effect on its activity. Therefore, the crude extracts of either pepper or poinsettia are devoid of substances which interfere with the enzymic activity or assay. It has been shown that deaminase is inactivated by tryptophan pyrrolooxygenase in the presence of 02 (7), and this mechanism cannot be excluded when discussing deaminase inactivation. Cosynthase activity remained unchanged in mature and senescent leaves, strongly suggesting that the deaminase activity is the one which regulates porphyrin synthesis in the leaves. This is not unlike the case of the control mechanism in heme biosynthesis in humans (4) . The strong decrease in deaminase activity precedes the onset of senescence. Young leaves of fruiting plants also show this decrease WINASE IN SENESCENCE 1157 and fruiting is in some cases considered to be a first signal of senescence (12). If senescence is considered as a highly ordered and programmed series of physiological events, rather than a random running down of the life processes, then it is conceivable that the interruption of Chl biosynthesis in the leaf precedes its degradation. If it is accepted that Chl build-up is mainly dependent on deaminase activity, the latter should continue as long as an active Chl synthesis is needed. It is known that photosynthetic activity decreases before senescence starts, and Chl breakdown does not occur until much later. The disappearance of deaminase activity in leaves when the Chl content is still high entirely supports the observations (15) that the decrease in the rate of Chl synthesis controls the latter's level during senescence.
